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Although oxygen free radicals (OFR) are considered to be one of the pathophysiological mechanisms involved in acute pancreatitis (AP),
the contribution of acinar cells to their production is not well established. The aim of the present study was to determine the effect of N-
acetylcysteine (NAC) in the course of AP induced by pancreatic duct obstruction (PDO) in rats, directly analysing by flow cytometry the
quantity of OFR generated in acinar cells. NAC (50 mg/kg) was administered 1 h before and 1 h after PDO. Measurements by flow cytometry
of OFR generated in acinar cells were taken at different PDO times over 24 h, using dihydrorhodamine-123 as fluorescent dye. Histological
studies of pancreas and measurements of neutrophil infiltration in the pancreas, pancreatic glutathione (GSH), malondialdehyde (MDA)
levels, plasma amylase activity and hemoconcentration were carried out in order to assess the severity of AP at different stages. NAC
effectively blunted GSH depletion at early AP stages and prevented OFR generation found in acinar cells as a consequence of AP induced by
PDO. This attenuation of the redox state impairment reduced cellular oxidative damage, as reflected by less severe pancreatic lesions, normal
pancreatic MDA levels, as well as diminished neutrophil infiltration in pancreas. Hyperamylasemia and hemoconcentration following AP
induction were ameliorated by NAC administration at early stages, when oxidative stress seems to be critical in the development of
pancreatitis. In conclusion, NAC reinforces the antioxidant defences in acinar cells, preventing OFR generation therefore attenuating
oxidative damage and subsequently reducing the severity of PDO-induced AP at early stages of the disease.
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Acute pancreatitis (AP) is an inflammatory disease
whose precise pathophysiological mechanisms are yet to
be determined. However, premature trypsinogen activation
within pancreatic acinar cells appears to be an early critical
event [1,2]. At the same time, diminished ATP and gluta-
thione (GSH) content in pancreatic tissue have been found
in different experimental models of AP [3,4], and it has been
reported that these events correlate with and are linked to
pancreatic injury in AP [3,4]. GSH is the main non-protein
thiol within the cell, part of a major intracellular defence
system against oxygen free radicals (OFR) [5]. Under
normal conditions, OFR are generated by aerobic cells
and readily removed by different endogenous antioxidants,0925-4439/$ - see front matter D 2003 Elsevier B.V. All rights reserved.
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production overwhelms its capacity, oxidative stress devel-
ops [6]. There is strong evidence of oxidative stress occur-
ring in the course of AP, as it has been shown in different
experimental models [3,4,7–9] as well as in humans
[10,11]. Under these circumstances, several cellular targets
may be attacked, including membrane lipids [7,8], proteins
[12] and DNA [13]. As a result, cellular injury and,
eventually, death occurs [14].
Enhanced levels of malondialdehyde (MDA) as a result
of membrane lipid peroxidation [7,8,15] and the beneficial
effects of several antioxidant treatments in the course of AP
[2,8,16,17], indirectly reflect OFR activity. Although direct
detection of OFR is not easy because of their high reactivity
and short half-life, some approaches have recently been
developed [15].
N-acetylcysteine (NAC) is a thiol compound with
potent antioxidant and antiinflammatory properties [18].
It is a well-known artificial precursor of GSH and it can
S. Sevillano et al. / Biochimica et Bioph178also act by direct scavenging of OFR, mainly reducing
hydroxyl radicals (SOH) and hypochlorous acid (HOCl)
[18]. It has been shown to inhibit activation of NF-nB, a
redox-sensitive transcription factor that can rapidly activate
the expression of genes involved in inflammatory, immune
and acute phase responses [19,20]. NAC has shown a
protective role in the course of experimental AP induced
by supramaximal doses of cerulein [16,21], CDE-diet [16]
and intragastric ethanol feeding followed by CCK infusion
[21].
Using pancreatic duct obstruction (PDO) as an exper-
imental model to induce AP in rats, we have previously
described the time-course of OFR generation within
acinar cells over the first 48 h after induction, by
measuring dihydrorhodamine-123 (DHR) oxidation to
rhodamine inside the mitochondria [22]. The two pop-
ulations of acinar cells differentiated by flow cytometry
[23] were found to contribute to oxidative damage of the
pancreas at early stages of the disease. The present study
aims to assess the effect of NAC administration on OFR
production by acinar cells and its consequences on the
redox state of the pancreas and the overall development
of PDO-induced AP in rats.2. Materials and methods
2.1. Chemicals
N-Acetyl-L-cysteine (NAC), collagenase type XI, soy-
bean trypsin inhibitor (STI), amino acid mixture, bovine
serum albumine (BSA), dihydrorhodamine-123 (DHR),
N-(2-hydroxyethyl) piperazine-NV-(2-ethanesulfonic acid)
(HEPES), glutathione, h-nicotinamide adenine dinucleotide
phospate reduced form (NADPH), glutathione reductase
type III, ethylenediamine-tetraacetic acid (EDTA), 5,5V-
dithio-bis(2-nitrobenzoic acid) (DTNB), 3,3V, 5,5V-tetra-
methyl-benzidine (TMB) liquid substrate system, hexadecyl-
trimethylammonium bromide (HDTAB), and buprenorphine
were supplied by Sigma Chemical Co. (Madrid, Spain).
Other standard analytical grade laboratory reagents were
obtained from Merck (Darmstadt, Germany).
2.2. Surgical procedure
MaleWistar rats weighing 250–300 g were used. After 12
h fasting, the rats were anaesthetized with ether and a median
laparotomy was performed to induce acute pancreatitis by
ligation of the common bile–pancreatic duct at the distal part
with 5–0 silk, close to its exit to the duodenum. Afterwards,
the abdominal wall was closed in a double layer, and the
animals were placed again in their cages with free access to
food and water. In sham-operated animals the bile–pancre-
atic duct was dissected but not ligated. Post-operative anal-
gesia was maintained in all animals by subcutaneous
injections of buprenorphine (0.2 mg/kg/8 h).2.3. Animal groups
All experiments were performed according to the proto-
cols approved by the Institutional Animal Care and Use
Committee of the University of Salamanca (Spain).
Rats were randomly divided into four groups, each
containing four subgroups:
Group I: rats with PDO by ligating the common bile–
pancreatic duct for: 3 h (n = 12), 6 h (n = 12), 12 h
(n = 12) and 24 h (n = 12).
Group II: sham-operated rats, which were surgically
treated as Group I but without ligation of the pancreatic
duct. They were studied at: 3 h (n = 12), 6 h (n = 12), 12 h
(n = 12), and 24 h (n = 12) after surgery.
Group III: rats receiving intraperitoneally NAC resus-
pended in distilled water (50 mg/kg) 1 h before the
ligation of the bile–pancreatic duct, followed by a new
injection 1 h after ligating. Studies were carried out at: 3
h (n = 12), 6 h (n = 12), 12 h (n = 12) and 24 h (n = 12)
after bile–pancreatic duct obstruction.
Group IV: sham-operated rats receiving NAC as
described above for Group III and studied: 3 h (n = 12),
6 h (n = 12), 12 h (n = 12) and 24 h (n = 12) after surgical
procedure.
Different animals in each group were used either for
determination of oxidative stress and neutrophil infiltration,
measured as myeloperoxidase (MPO) activity in homoge-
nates of pancreatic tissue, for histological studies, or for
isolation of acinar cells.
2.4. Collection of samples
Laparotomy was performed after overnight fasting and
under sodium pentobarbital anesthesia (3 mg/100 g body
weight, intraperitoneally). Blood sampling was performed
by cardiac puncture to determine hematocrit and plasma
amylase activity. The entire pancreatic gland was removed
immediately afterwards, either to determine the GSH and
MDA levels and MPO activity, for histological studies by
electron microscopy, or for isolation of pancreatic cells and
subsequent analysis of OFR generation by flow cytometry.
2.5. Assays
2.5.1. Pancreatitis indicators
Hematocrit was determined in heparinized blood samples
centrifuged in microhematocrit tubes at 4000 g for 5 min.
Plasma amylase activity was determined according to the
method of Hickson [24].
2.5.2. Histological studies
Portions of pancreatic tissue were examined by electron
microscopy. Samples were prefixed with 0.1 M cacodilate
buffer, pH 7.4 containing 2% glutaraldehyde at 4 jC for 2
ysica Acta 1639 (2003) 177–184
Table 1
Effect of different doses of NAC on plasma amylase activity and pancreatic GSH content of rats with PDO for 6 h
NAC doses (mg/kg body weight)
0 25 50 100 200
Plasma amylase (U/dl) 13.81F1.37 12.84F 0.47 7.45F 0.66xx## 7.38F 0.73xx# 9.21F 0.60xx
GSH (Amol/g) 0.73F 0.05 0.78F 0.05 1.14F 0.05xx## 0.94F 0.09xo 0.97F 0.06x#o
Results are expressed as meansF S.E. Number of experiments for each dose—6. ANOVA test followed by Fisher test revealed significant differences vs. non-
treated PDO rats (xP < 0.05; xxP< 0.01), vs. rats treated with NAC 25 mg/kg (#P< 0.05; ##P < 0.01) and vs. rats treated with NAC 50 mg/kg (oP< 0.05).
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dehydrated in ethanol and finally embedded in Epon.
Ultrathin sections were prepared stained with uranylacetate
as well as lead citrate and examined with a Zeiss electron
microscope (EM 900, Germany). Multiple blinded sections
were evaluated and representative findings were used for
photoreprint.
2.5.3. Measurement of GSH and MDA content in pancreas
After homogenizing the pancreas in 5%–5 sulfosalicylic
acid, the GSH content was measured using the DTNB-
GSSG reductase recycling assay for total glutathione
(GSH+GSSG) as described by Tietze [25], based on the
spectrophotometric monitoring of glutathione-mediated re-
duction of DTNB at 412 nm. For MDA analysis, pancreata
were homogenized in 0.9% NaCl and MDA was measured
as a thiobarbituric acid-reactive substance (TBARS) inFig. 1. Plasma amylase activity and hematocrit values in sham-operated rats
( ), sham-operated rats treated with NAC ( ), rats subjected to PDO( ),
and PDO rats receiving NAC ( ). Number of experiments in each group
and experimental period—12. Results are expressed as meansF S.E.
ANOVA test followed by Fisher test was applied in each time point.
Significant differences were found vs. sham-operated rats (xP< 0.05,
xxP< 0.01, xxxP < 0.001), NAC-treated sham-operated rats (oP< 0.05,
ooP < 0.01, oooP < 0.001) and PDO rats ( P < 0.05, P < 0.01, P < 0.001).accordance with the method described by Ohkawa et al.
[26].
2.5.4. Measurement of MPO activity in pancreas
Neutrophil sequestration within the pancreas was esti-
mated by measuring tissue MPO activity [27]. Briefly, tissue
samples were thawed, homogenized in 20 mM phosphate
buffer (pH 7.4), centrifuged (10,000 g, 10 min, 4 jC), and
the resulting pellet resuspended in 50 mM phosphate buffer
(pH 6.0) containing 0.5% HDTAB. The suspension was
subjected to four cycles of freezing and thawing and further
disrupted by sonication (40 s). The sample was then
centrifuged (10,000 g, 5 min, 4 jC) and the supernatant
was incubated with TMB reagent for 110 s at 37 jC for the
MPO assay. The reaction was stopped with 0.18 M H2SO4,
and the absorbance measured at 450 nm. MPO activity was
expressed as a function of tissue dry weight (fold increase
over sham-operated).
2.5.5. Preparation of isolated acinar cells
After overnight fasting and under sodium pentobarbital
anesthesia, laparotomy was performed through a midline
incision. The bile duct was ligated at its exit from the liver
and the main pancreatic duct was cannulated at its exit into
the duodenum to perfuse 5 ml of 25 mM HEPES solution,
pH 7.4, containing collagenase (40 units/ml), 0.1 mg/ml
STI, 100 mM NaCl, 5 mM KCl, 1 mM MgCl2, 1 mM
CaCl2, 14 mM D-glucose, 2 mM glutamine, 2% (w/v) BSA
and 2% (w/v) amino acid mixture. The solution was pre-Fig. 2. Pancreatic glutathione content in sham-operated rats ( ), sham-
operated rats treated with NAC ( ), PDO rats ( ) and NAC-treated PDO
rats ( ). Number of experiments in each group and period—6. Values are
meansF S.E. ANOVA followed by Fisher test applied in the comparison of
the four groups in each time point showed significant differences vs. sham-
operated rats (xP < 0.05, xxxP < 0.001), sham-operated rats treated with
NAC (ooP < 0.01, oooP< 0.001) and PDO rats ( P< 0.01, P < 0.001).
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incubations were performed with this gas phase. The pan-
creas was digested at 37 jC in a shaking water bath (200Fig. 3. Electron microscopic sections of pancreas ( 4400) from PDO rats (A–D)
24 h (D, H). Edema (star), dilatation of endoplasmic reticulum (arrow).cycles/min) during 20 min and washed with fresh collage-
nase solution every 5 min. Following gentle pipetting
through tips of decreasing diameter (3–1 mm), cells wereand NAC-treated PDO rats (E–H) for 3 h (A, E), 6 h (B, F), 12 h (C, G) and
Fig. 5. MPO activity in pancreatic tissue from sham-operated rats ( ),
sham-operated rats receiving NAC ( ), PDO rats ( ) and NAC-PDO rats
( ). Number of experiments in each group and experimental period—6.
Results are expressed as meansF S.E. ANOVA test followed by Fisher test
applied at each time point showed significant differences vs. sham-operated
(xxP < 0.01, xxxP< 0.001), NAC-treated sham-operated NAC-treated
sham-operated (ooP<0.01, oooP<0.001), and PDO rats (P<0.01,
P<0.001).
Fig. 4. Concentration of MDA in pancreatic tissue. Number of experiments
in each group and period—6. Results are expressed as meansF S.E.
Comparison between sham-operated rats ( ), sham-operated rats receiving
NAC ( ), PDO rats ( ) and NAC-PDO rats ( ) at each time point using
ANOVA test followed by Fisher test showed significant differences vs.
sham-operated (xxP< 0.01), NAC-treated sham-operated (oP< 0.05), and
PDO rats ( P< 0.05).
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fuged at 30 g for 30 s at 4 jC. The supernatant was collected
and centrifuged at 500 g, 5 min, 4 jC. After discarding the
new supernatant, the cell pellet was resuspended in HEPES
buffer without collagenase, and centrifuged again at 500 g
for 5 min at 4 jC. Finally, the pellet was resuspended in
HEPES buffer without collagenase at a concentration of 107
cells/ml. The labelling of isolated cells with specific antisera
against digestive enzymes assessed the purity of acinar cells
as 99% [23].
2.5.6. Analysis of OFR generation in acinar cells
Oxidative stress in individual acinar cells was measured
by using dihydrorhodamine-123 (DHR) as previously
reported [15]. DHR easily crosses cell membranes and,
upon oxidation by OFR, turns into rhodamine-123 and
becomes fluorescent [22]. A suspension of 100 Al of acinar
cells (106) was loaded with 25 mM DHR for 20 min at 4 jC
in the dark. After washing twice with HEPES buffer, the
intracellular green fluorescence (Fl1) due to DHR dye was
measured using a FACScalibur dual laser flow cytometer
(Becton/Dickinson, San Jose´, CA), equipped with a double
discrimination module. The argon–ion laser emitting light
at 488 nm and 15 mW was used. Calibration of the
instrument was performed on a daily basis using Calibrate
beads (Becton/Dickinson). Leukocytes infiltrating the pan-
creas were excluded on the basis of their unique light scatter
properties (FSC/SSC). At each stage studied, cells from the
different experimental groups were measured in parallel and
changes in the intensity of fluorescence were expressed as
percentages of values obtained each day in sham-operated
rats. Cell Quest and the Paint-a-Gate 3.0 (Becton/Dickinson)
software programmes were used for data acquisition and
analysis, respectively. In each experiment, the mean value
per individual cell was obtained from the analysis of at least
10,000 cells.2.5.7. Statistical analysis
Results are expressed as meansF S.E. Statistical analysis
was carried out applying the analysis of variance (ANOVA)
followed by Fisher test in order to establish differences
among the four different groups at each experimental
period. Paired Student’s t-test was applied to find out
whether statistical differences exist between R1 and R2
acinar cells regarding DHR dye. In all cases, P values lower
than 0.05 were considered to be statistically significant.
ysica Acta 1639 (2003) 177–184 1813. Results
In order to choose the dose of NAC for the treatment of
rats with PDO-induced AP, the effects of different doses on
plasma amylase activity and pancreatic GSH content were
evaluated in rats subjected to PDO for 6 h (Table 1).
Hyperamylasemia was equally reduced with 50 and 100
mg/kg of NAC but the lower depletion of GSH was reached
with 50 mg/kg of NAC.
As shown in Fig. 1, PDO induced a significant increase
in plasma amylase activity from 3 up to 24 h after obstruc-
tion, leading to peak values at 12 h in both NAC-treated and
non-treated animals. Nevertheless, NAC treatment signifi-
cantly reduced hyperamylasemia induced by PDO, display-
ing a greater effect from the earliest time point up to 6
h (P < 0.001) than from that time onwards. Hemoconcen-
tration was observed as a consequence of pancreatic duct
ligation during 12 h. NAC administration was only able to
prevent this effect only at the earliest stage of pancreatitis.
Hematocrit values returned to normal levels 24 h after
inducing AP either in NAC-treated or non-treated rats.
N-Acetylcysteine significantly (P < 0.001) increased the
GSH content in the pancreas of sham-operated rats 6 and 12
h after surgery. GSH pancreatic levels significantly de-
creased from 3 h after inducing acute pancreatitis onwards,
Fig. 8. Comparison of intracellular OFR generation between R1 and R2
acinar cells from PDO rats treated with NAC. The number of animals was
six for each group and period. Paired Student’s t-test showed no significant
differences between both cell populations at any time point.
Fig. 6. Representative example of flow cytometric distribution of pancreatic
acinar cells from NAC-treated PDO rats according to forward or low light
angle scatter (FSC) and DHR dye (FL1).
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treated rats maintained GSH levels in control values during
3 h after obstruction. Although NAC treatment did not
prevent GSH depletion at later AP stages, it was able to
maintain pancreatic GSH content significantly higher
(P < 0.01) than in non-treated rats 6 h after PDO (Fig. 2).
Histological analysis of pancreas sections (Fig. 3)
showed edema, vacuolization and dilatation of rough endo-
plasmic reticulum (RER) which became greater from 3
h after PDO onwards in rats which did not receive NAC
treatment (Fig. 3A–D). In addition, cell disorganization and
condensed karyoplasma in some nuclei was observed 24
after PDO (Fig. 3D). By contrast, pancreas sections of
NAC-treated (Fig. 3E–H) showed less severe alterations:
normal nuclei and intracellular organization were observed
at the different PDO times. Edema, vacuolization and
dilatation of RER were less prominent than in non-treated
PDO rats.
Fig. 4 shows the significant (P < 0.05) increase in MDA
concentration found in the pancreas from rats subjected to
pancreatitis 6 h after induction, whereas N-acetylcysteineFig. 7. Time course of intracellular OFR production (DHR oxidation to
rhodamine-123) in individual acinar cells measured by flow cytometry as
described in Material and Methods. Results are expressed as percentages of
variation with respect to fluorescence values obtained in sham-operated
rats. Values are meansF S.E. from six animals. ANOVA followed by Fisher
test applied to the results obtained for each experimental period showed
significant differences vs. sham-operated (xP < 0.05) and NAC-treated
PDO rats ( *P < 0.05).effectively prevented this enhanced MDA generation fol-
lowing obstruction, maintaining control values throughout
24 h of obstruction.
Neutrophil infiltration within pancreas measured as MPO
activity (Fig. 5) progressively (P < 0.001) increased from 6
h after PDO onwards, whereas no significant rise was
observed in NAC-treated rats until 24 h after PDO. NAC
significantly (P < 0.01) reduced MPO activity at different
PDO times during 24 h.
Fig. 6 shows a representative example of the flow
cytometric distribution of pancreatic acinar cells from
PDO-rats treated with NAC, according to forward or low
light angle scatter (FSC) vs. DHR dye fluorescence (FL1).
Two well-differentiated populations of cells (R1 and R2)
could be observed on FSC basis. R2 displayed higher values
of DHR dye, a result observed in all animal groups.
After analysing the total acinar cells by flow cytometry
(Fig. 7), a progressive increase in fluorescence intensity due
to DHR was already found from early stages of AP,
although statistical significance (P < 0.05) was only reached
6 h after PDO. NAC administration modulated this increase,
so that control values were found throughout the 24 h fol-
lowing obstruction.
Regarding comparison between R1 and R2 cell popula-
tions in pancreas from PDO-rats receiving NAC (Fig. 8),
paired Student’s t-test revealed no significant differences.4. Discussion
Oxidative stress is involved in the pathogenesis of many
inflammatory diseases, among them AP [3,4,7–11]. After
experimental AP induction, enhanced OFR production has
been demonstrated both directly in acinar cells [15] and
indirectly by accumulation in pancreatic tissue of OFR-
mediated lipid peroxidation products and concomitant de-
pletion of enzymatic and non-enzymatic endogenous anti-
oxidants [3,4,8,28]. Even if OFR generation could not
initiate AP [8,29], highly reactive oxygen species are
considered as important mediators in tissue damage. Cer-
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oxidative stress but, as far as we know, little data exists
accounting for OFR involvement in PDO-induced acute
pancreatitis. We have chosen this experimental model in
an attempt to reproduce gallstone-induced pancreatitis, since
represents the most common etiology in humans.
A number of antioxidant therapies, to varying extents,
have been shown to improve pancreatitis induced by cerulein
administration [8,16,30,31], CDE-diet [16,17], taurocholate
infusion [8,29], L-arginine [28], ethanol feeding followed by
CCK infusion [21] and PDO [4,9]. Some of these antiox-
idants are GSH providers [30] or cysteine prodrugs [16,31],
since Cys bioavailability appears to be a limiting factor for
glutathione synthesis. In the present study, we aim to assess
the benefits of an antioxidant treatment consisting of N-
acetylcysteine administration in animals subjected to PDO.
NAC can serve as a protective antioxidant defence by direct
OFR scavenging and, in addition, after deacetylation, NAC
gives rise to L-Cys, which can be used as a substrate for GSH
synthesis, a process that might be induced in the exocrine
pancreas under conditions of stress [32]. According to this,
an important increase in GSH content was detected in the
pancreas of sham-operated animals receiving NAC. This
enhanced GSH production was probably responsible for the
maintenance of normal GSH content in the pancreas when
PDO acute pancreatitis was performed, at least during early
stages after induction. GSH supply might counteract the
large amount of OFR produced by acinar cells at this stage of
AP. High doses of NAC were used by Demols et al. [16] to
reduce oxidative stress in mice with cerulein-induced AP;
however, the dose–response study carried out by us showed
that doses above 50 mg/kg were less effective in rats with
PDO-induced AP. Since OFR can exert a chemoattractant
effect, thereby promoting accumulation of leukocytes in the
inflamed gland [33], decreased acinar OFR production after
NAC treatment would contribute to the reduced neutrophil
infiltration found in the pancreas of this animal group. As a
consequence of major GSH consumption at early AP stages,
GSH levels could not remain above those found in PDO
animals soon thereafter. NAC also prevented GSH depletion
in the early course of cerulein-induced AP [16] and a similar
effect was observed when GSH providers like GSH-EE [30]
or Cys prodrugs like OTC [31] were administered. Besides
their effect on GSH levels, NAC treatment attenuated histo-
logical alterations and reduced hyperamylasemia and hemo-
concentration following AP induction, both indicating a
protective role of NAC in PDO-induced AP. It should be
noticed that NAC prevents the pancreatic oxidative damage
by counteracting the excessive OFR generation, an early
feature in AP, and consequently, not a good target for
antioxidant therapy during the intermediate phase of AP,
when a minor role for oxidative stress has been reported
[15,34]. Supporting this idea, previous studies showed that
attenuation of the decrease in GSH levels by GSH providers
lasted no longer than 8 h after AP induction, even when new
dosages were administered [30,31].Membrane lipids are one of the major targets for OFR
attacks, triggering so-called lipid peroxidation, an autocat-
alytic degradative free radical-mediated process that primar-
ily affects polyunsaturated fatty acids in biomembranes
[7,8]. As a result of this oxidative attack, some aldehydes
are freed from cellular membranes, MDA being the major
one. A rise in MDA in the pancreas has been reported in a
number of studies on AP [7,8,15,28,30]. NAC administra-
tion prevented lipid peroxidation observed in PDO rats, as
may be expected on the basis that it effectively diminished
OFR production in acinar cells and hence significantly
reduced tissue infiltration of neutrophils, which are consid-
ered to be the other major cellular source of OFR during AP
[33,35]. Moreover, NAC treatment might cause the sup-
pression of NF-nB activation and the subsequent prevention
of several inflammatory mediator genes from being actively
expressed [19,20]. In this line, a significant reduction of
proinflammatory cytokines by NAC treatment in mice with
cerulein-induced AP has been previously reported [16]. This
mechanism would also help to reduce the sequestration of
neutrophils in the pancreas and the associated OFR gener-
ation and therefore, pancreatic damage would be effectively
attenuated.
Two acinar cell populations have been well-differentiated
by flow cytometry according to their scatter properties,
referred to as R1 and R2 [23]. They have shown to react
distinctly to PDO-induced AP as regards enzyme load [23]
and intracellular Ca2 + levels [36]. As was observed in
control and PDO rats [15], in pancreas from NAC-treated
rats, R2 cells showed higher DHR dye when compared with
R1, suggesting either a higher oxidative capacity and/or a
higher respiratory metabolism than R1 cells. Related to the
fact that R1 acinar cells appeared to be more sensitive to
damage induced by AP [23,36], higher increase in OFR was
found at early AP stages in this cell population even under
NAC treatment, although statistical significance when com-
pared with R2 cells was not reached. It suggests that NAC
treatment similarly prevented OFR generation in both acinar
cell populations. Taken together, our data show the benefi-
cial effect of N-acetylcysteine administration to rats with AP
induced by PDO. Enhanced GSH content in the pancreas
and lowered OFR generation in acinar cells in comparison
with PDO rats not subjected to NAC treatment results in the
prevention of pancreatic peroxidative damage. By limiting
oxidative stress, NAC probably hinders the action of other
harmful mechanisms involved in AP, thereby reducing its
severity at early stages.Acknowledgements
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